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This paper mainly deals with the stability properties of impulsive differential systems
with time delays and their applications to impulsive recurrent neural networks. It mainly
includes:
In Chapter 1, the background and present of the investigation of impulsive delay dif-
ferential systems are firstly introduced. Then, we provide the problems and structure of the
thesis.
In Chapter 2, the 𝜇−stability problem for a class of impulsive functional differential
systems with infinite delay is given, which characterize the convergence rate of the impul-
sive delay differential system to equilibrium solution. From the impulsive disturbance point
of view (under certain impulsive disturbance delay differential system can maintain its sta-
bility) and from the impulsive control point of view (under the control of a certain pulse
to ensure the stability of delay differential system) some sufficient conditions to ensure the
𝜇−stability are derived by using Razumikhin technique and Lyapunov functions. It is worth
pointing out that the results obtained have a characteristic, i.e., by specifying the function
𝜇(𝑡), various stability concepts, such as the uniform stability, uniform asymptotic stability
and exponential stability and so on, can be obtained. Also, we obtain the convergence rate
of the impulsive delay differential system to equilibrium solution. Finally, two examples are
given to illustrate the effectiveness and advantages of the results.
In Chapter 3, the stability problem for a class of generalized impulsive functional dif-
ferential systems in which the state variables on the impulses are related to the time delay
is studied. By using Lyapunov functions and Razumikhin techniques, several global expo-
nential stability and uniform stability criteria are derived, which can be applied to impulsive
functional differential systems with any time delays. Finally, two examples are given to
show that the results obtained in this section have less restrictive and more wide range than
some recent works.
In Chapter 4, we study the model of impulsive differential systems with complex
delays, and mainly focus on a class of impulsive recurrent neural networks with discrete
constant delay in the leakage term, time-varying delays and unbounded distributed delays.
First, by using the contraction mapping theorem and topological degree theory, a sufficient
condition to guarantee the global existence and uniqueness of the solution and a delay-
independent sufficient condition for existence of an equilibrium point for the addressed neu-














terms do not affect the global existence and uniqueness of the solution and the existence-
uniqueness of the equilibrium point. Then, by using a simple transformation and construct-
ing suitable Lyapuniv–Krasvovskii functionals, some sufficient conditions in terms of LMI
are derived ensuing the global asymptotic stability of the equilibrium point. The proposed
stability criteria require neither the boundedness, monotonicity and differentiability of the
activation functions nor the differentiability of time-varying delays. Our results generalize
and improve many existing ones. The impulsive condition considered in this section is inte-
gral form which describes the fact that the instantaneous perturbations encountered depend
on not only the state of neurons at impulse times but also the state of neurons in recent his-
tory, which can be regarded as the impulses in the generalized sense and it reflects a more
realistic dynamics. Finally, an example is given to show the effectiveness and advantages of
the proposed results.
Key Words: Impulse; Time delay; Impulsive functional differential equations; Recurrent
neural networks; Stability; 𝜇−stability; Equilibrium point; Lyapunov-Razumikhin tech-
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A > 0(< 0) A 是正定(负定)矩阵
A 𝑇 矩阵 A 的转置
A −1 矩阵 A 的逆
𝜆max(A ) 矩阵 A 的最大特征值
𝜆min(A ) 矩阵 A 的最小特征值
𝐼 单位矩阵
Λ Λ = {1, 2, . . . , 𝑛}, 𝑛 ∈ ℤ+
Ω Ω = {1, 2, ⋅ ⋅ ⋅ ,𝑚},𝑚 ∈ ℤ+
𝐶(𝐽1, 𝐽2) 集合 𝐽1到集合 𝐽2连续函数全体组成的集合
𝑃𝐶(𝐽1, 𝐽2) 集合 𝐽1到集合 𝐽2仅含第一类间断点且在间断点处右连续的
函数全体组成的集合
𝑃𝐶𝑏(𝐽1, 𝐽2) 集合 𝑃𝐶(𝐽1, 𝐽2)中所有有界函数全体组成的集合
𝑃𝐶1(𝐽1, 𝐽2) 集合 𝑃𝐶(𝐽1, 𝐽2)中满足函数导数仅含第一类间断点且在间
断点处右连续的全体组成的集合
𝑃𝐶1𝑏 (𝐽1, 𝐽2) 集合 𝑃𝐶
1(𝐽1, 𝐽2)中所有有界函数全体组成的集合
[𝑥]+ [𝑥]+ = (∣𝑥1∣, ⋅ ⋅ ⋅ , ∣𝑥𝑛∣)𝑇 ,其中 𝑥 = (𝑥1, ⋅ ⋅ ⋅ , 𝑥𝑛) ∈ ℝ𝑛










































人的研制;还可以应用于神经网络,混沌控制,机密通讯的研究等 [30, 31, 54, 122].因
此,脉冲微分系统的建立和发展具有理论意义和现实意义.
脉冲微分系统的研究历史至少可追溯到 1937年N.M. Kruylov和N.N. Bogolyubov
的经典著作《非线性力学引论》, 研究了具有脉冲的常微分方程的振动问题.
1960 年, V.D. Mil’man 和 A.D. Myshkis [102] 研究了具有脉冲的运动稳定性问题.
到二十世纪八十年代以后, 关于脉冲微分系统解的基本理论, 稳定性理论, 振动
理论, 周期解理论, 边值问题以及几何理论等方面的研究成果相继问世, 参见文献
[8, 19, 20, 22, 26, 32, 33, 47, 50–53, 151].文献 [10, 11, 28, 29, 86, 113]讨论了在脉冲影
响下,脉冲微分系统和脉冲泛函微分系统初值问题局部解,整体解的存在性,延展性及
解的连续依赖性和可微性.文献 [25, 27, 63]研究了具有固定时刻脉冲的一维自治系
统闭轨的存在性,揭示在脉冲作用下,系统解的性质产生的本质变化,探讨脉冲对系统
解的拓扑结构的规律与特征,这属于脉冲微分系统几何理论的早期研究成果.特别地,



























分, J.K. Hale的专著 [42, 43]是这部分内容最完整地总结.文献 [55, 90, 112, 142]研究
了泛函微分系统的稳定性问题.
接下来, 一个很自然的问题就是: 对于既具有脉冲效应又具有时间滞后的微分
系统应该如何处理? 这个问题具有丰富的实际背景, 实践证明, 对于前文提到的流
行病学、控制理论、神经网络、生态和人口动力系统都同时存在时滞和脉冲扰动
[9, 83, 87, 120, 121, 147].如果将这些具有实际背景的脉冲时滞模型一般化,便得到脉
冲泛函微分系统,其一般形式为:⎧⎨⎩
𝑥′(𝑡) = 𝑓(𝑡, 𝑥𝑡), 𝑡 ≥ 𝜎, 𝑡 ∕= 𝑡𝑘,
Δ𝑥∣𝑡=𝑡𝑘 = 𝑥(𝑡𝑘)− 𝑥(𝑡−𝑘 ) = 𝐼𝑘(𝑡𝑘, 𝑥(𝑡−𝑘 )), 𝑘 ∈ ℤ+,
𝑥𝜎(𝑠) = 𝜙(𝑠), −𝜏 ≤ 𝑠 ≤ 0,
(1.1)
其中 𝑥 ∈ ℝ𝑛, 𝜎 ≥ 𝑡0 ≥ 0, 脉冲时刻 𝑡𝑘 满足 0 ≤ 𝑡0 < 𝑡1 < . . . < 𝑡𝑘 < . . . , lim
𝑘→+∞
𝑡𝑘 =
+∞, 𝑥′ 是 𝑥 的右导数. 𝑓 ∈ 𝐶([𝑡𝑘−1, 𝑡𝑘) × ℂ, ℝ𝑛), 𝑓(𝑡, 0) = 0, 𝐼𝑘 ∈ 𝐶([𝑡0,+∞) ×
ℝ𝑛,ℝ𝑛), 𝜙 ∈ ℂ, ℂ是 𝑃𝐶([−𝜏, 0],ℝ𝑛)的开集. 对任意的 𝑡 ≥ 𝑡0, 𝑥𝑡 ∈ ℂ定义为 𝑥𝑡(𝑠) =
𝑥(𝑡+ 𝑠), 𝑠 ∈ [−𝜏, 0]. 为了使后文中计算的右导数在 𝑡𝑘 处有定义,本文约定: 𝑥(𝑡)在 𝑡𝑘
处是右连续的,即 𝑥(𝑡𝑘) = 𝑥(𝑡+𝑘 ). 由于脉冲和时滞的出现,给脉冲泛函微分系统的研究
带来了极大的困难.比如,设 𝑥(𝑡) =
⎧⎨⎩ 0, 𝑡 ∈ [−1, 0),1, 𝑡 ∈ [0, 1], 及 𝑥𝑡(𝜃) = 𝑥(𝑡+𝜃), 𝜃 ∈ [−1, 0],
对任意的 𝑡, 𝑡′ ∈ (0, 1), 𝑡 ∕= 𝑡′, 有 ∥𝑥𝑡 − 𝑥𝑡′∥ = max
𝜃∈[−1,0]
∣𝑥(𝑡 + 𝜃) − 𝑥(𝑡′ + 𝜃)∣ = 1. 因
此 lim
𝑡→𝑡′,𝑡∕=𝑡′
∥𝑥𝑡 − 𝑥𝑡′∥ = 1,则 𝑥𝑡 在 (0,1]上处处不连续,也就是出现了这种情况:即使
𝑓(𝑡, 𝜙)是处处连续的, 𝑓(𝑡, 𝑥𝑡)也可能处处不连续;讨论脉冲微分系统初值问题局部
解、整体解的存在性,若无脉冲,在一定条件下,微分系统初值问题具有解的存在性,
但脉冲的影响会造成脉冲微分系统无解 [59].
脉冲泛函微分系统的研究工作可以追溯到 1986年 A. Anokhin [2]及 1989年 K.
Gopalsamy 和 B. Zhang [38]. 早期关于脉冲泛函微分系统的工作主要局限于研究具
有脉冲的时滞微分差分方程[6, 149],线性或尺度脉冲时滞微分系统[38, 155],一阶或
二阶脉冲时滞微分系统[151]等特殊系统.之后,研究的焦点转向考察一般的脉冲时
滞微分系统并且重点考虑脉冲对系统产生本质的影响 [85, 87, 118, 145, 148, 149]. 一
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